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The parapagnetic resonance spectrum of reagent grade MgO shows an I g  ~ 
Y an i so t rop ic  l i n e  near g = 2.00. The purpose of t h i s  paper is  t o  estab- 
I3 
l i s h  t h a t  t h i s  l i n e  i s  t h e  powder spectrum of t h e  t r a n s i t i o n  
1 M, = +---L 2 2 
f o r  Zeeman s p l i t t i n g  f a c t o r s  and nuclear hyperfine i n t e r a c t i o n s  have been 
investigated, '  t h e  e f f ec t  of a cubic f i e l d  on t h e  powder spectrum of 
f o r  Fef3 ions  i n  a cubic f i e l d .  While t h e  cont r ibu t ions  
~ 
S - s t a t e  ions has not been previously reported. I n  addi t ion  t o  iden t i fy -  
~ 
l I i ng  t h e  Fe+3 spectrum, it w a s  of i n t e r e s t  t o  see i f  the cubic-field- 
I s p l i t t i n g  parameter w a s  g r e a t e r  i n  powders than  i n  l a r g e r  s i n g l e  c r y s t a l s ,  
s ince  Walsh' has shown t h a t  t h i s  parameter i s  a func t ion  of hydros ta t ic  
pressure  o r  l a t t i c e  spacing. 
I , 
I 
I n  MgO, which has t h e  N a C l  s t ruc ture ,  Fe+3 ions  a r e  found t o  occur 
1. 
dimost e n t i r e l y  i n  a pure cubic f i e ld . "  The sp in  Hamiltonian of t h e  
I 
6 S5/2 state i n  a cubic f ie ld  has t h e  form3 
I 
I n  t h e  case of 
given by t h e  f0mda4J5 
g p > I  a1 t h e  posit-ions of t h e  f ine - s t ruc tu re  l i n e s  are 
1 . 3  
10 a &  H = Ho + -  Q(7 - 250) - +  * * * ,  
r 3 BO 
2 2  2 2  2 2  In Eq. (2) Q = ?a2 + uzu3 + %y, 1 M, = +---- 2 2' f o r  t h e  t r a n s i t i o n  
where 5, u2, and u3 are t h e  d i r ec t ion  cosines of t h e  s t a t i c  magnetic 
- .  
P 
2 
f i e l d  with respec t  t o  t h e  cubic exes, Ho 
a'  is  t h e  cubic- f ie ld-sp l i t t ing  parameter,equal t o  a/g$. Low has re- 
ported f o r  Fe+3 i n  MgO single crys ta l s  a value of 
i s  defined by hv = @;PRO, and . 
g = 2.0037 and an a 
of i-O.0205 cm'l (which is  equivalent t o  an a' of 220 gauss) at  290° K. Q 
Power series expressions similar t o  Eq. (2)  show t h a t  f o r  t h e  t r a n s i -  
t i o n s  Ms = '*3/2*+1/2 and +5/2-+3/2 t h e  spectrum would be t o o  
broad t o  de tec t  i n  powders of low iron content. 
A t h e o r e t i c a l  po lycrys ta l l ine  spectrum w a s  ca lcu la ted  using Eq. (2) 
and t h e  parameters reported by Low. 
The number of sp ins  having f o r  t h e i r  environment cubic f i e l d  axes at  
and an o r i en ta t ion  with respec t  t o  t h e  applied magnetic f i e l d  between 
8 + d8 and cp and cp + dcp is  given by 
8 
a=- NO 
4H 
To ob ta in  - as a func t ion  of H, 
equal t o  a s m a l l  constant,  AN. The 
i n  s m a l l  increments of Aq and, a t  
m 
aH 
sin cp de dcp (3) 
the d i f f e r e n t i a l  element dN w a s  set 
d u e  of cp w a s  var ied from o t o  n/2 
each value of cp, A9 w a s  ca lcu la ted  
from Eq. (3). The AB'S (which varied with cp) and t h e  Aq's  l ead  t o  a 
set of Cp and 8 values which corresponded t o  all o r i en ta t ions  of t h e  
cubic axes with respec t  t o  t h e  magnetic f i e l d .  Furthermore, f o r  each 
value of cp and 8 (averaged over t h e  increment of s o l i d  angle) t h e  
value of Hr i s  given by Eq. (2 )  since @ = f ( 0 ,  9). 
1 
The l i n e  shape f o r  a s i n g l e  or ien ta t ion  w a s  approximated by an -- . 
i sosce l e s  triangle with a height equal t o  t h a t  of a Lorentzian curve and 
s i d e s  tangent t o  t h e  curve. ', The l i n e  width at m a x i m u m  s lope  i s  then 
about equal t o  1/3 6, where 
d 
6 i s  1 / 2  of t h e  base of t h e  t r i ang le .  In 
a .  - 
3 
add i t ion ,  the l i n e  width which w e  measured i n  s i n g l e  c r y s t a l s  i s  a func- 4 
t i o n  of  o r i en ta t ion ,  as described i n  Fig. 1. As a crude approximation 
AH o r  6 w a s  i n i t i a l l y  assumed t o  vary l i n e a r l y  w i t h  H. This w a s  
la ter  improved upon by lett ing 6 ac tua l ly  change i n  t h e  manner described 
by t h e  curve i n  Fig. 1. I n  p rac t i ce  6 w a s  t r e a t e d  as a func t ion  of 0 
and w a s  not double valued. 
each Lorentzian curve i s  a constant, it w a s  necessary t o  ad jus t  t h e  height 
of t h e  triangle so t h e  area would remain constant. 
Since the number of sp ins  cont r ibu t ing  t o  
F ina l ly ,  f o r  each Hr calculated from Eq. ( 2 )  a l i n e  simulated by 
a triangle was constructed. When the range of H's w a s  covered, t h e  
cont r ibu t ions  from all triangles at each H 
f i n a l  curve o r  dN/dH as a func t ion  of H. A l l  of these ca l cu la t ions  
were c a r r i e d  out  with t h e  a i d  of a d i g i t a l  computer. 
were summed t o  g ive  t h e  
Fig. 2 (a )  shows the a c t u a l  experimental de r iva t ive  curve of the 
an iso t ropic  l i n e  as w e l l  as the spectrum of cubic Cr+3  with hyperfine 
l i n e s  from C r  . It w a s  necessary t o  ex t r apo la t e  t h e  iror,  l i n e  i n  
regions where t h e  C r + 3  l i n e  dominated. 
an in t eg ra t ed  form of t h e  experimental curve are shown i n  Fig. 2(b). 
k a l c u l a t e d  curve i s  i n  good agreement with t h e  experimental 
53 
Results of  t h e  ca l cu la t ions  and 
curve; every i n f l e c t i o n  is  accurately described. One may the re fo re  
conclude t h a t  t h e  an i so t rop ic  spectrum observed i s  from Fe+3 ions i n  a 
cubic f i e l d .  
f o r  t h e  v a r i a t i o n  of l i n e  width gave t h e  s a l i e n t  f e a t u r e s  of t h e  ex- 
perimental curve. 
---l f ac to ry  results. i 
v 
It is  i n t e r e s t i n g  t o  note t h a t  t h e  l i n e a r  approximation 
I n  f a c t ,  a constant l i n e  width w a s  used with satis- 
. 
If t h e  l i n e  width was reduced below a c e r t a i n  l i m i t ,  another 
i n f l e c t i o n  occurred i n  t h e  absorption curve, as shown i n  Fig. Z(c).  This 
seems t o  be an important extension of these ca lcu la t ions  s ince  t h e  addi- 
t i o n a l  i n f l e c t i o n  would cause another peak i n  t h e  de r iva t ive  curve. It 
i s  poss ib le  that i n  o ther  powders of cubic material such a spectrum 
might be observed. 
The cubic- f ie ld-sp l i t t ing  parameter could be obtained by f i t t i n g  
ca lcu la ted  curves t o  t h e  experimental curve. Surface fo rces  should ap- 
preciably increase t h e  i n t e r n a l  pressure of small c r y s t a l s  which are 
500 t o  1000 i on a s ide.  ~n estimated i n t e r n a l  pressure of  500 kg/cmz 
would l e a d  t o  an increase i n  a of about 0.5 percent. A value of 
a = 0.0205 crn-l, t h e  value reported for  single c rys t a l s ,6  seems t o  f i t  
t h e  powder as w e l l ;  however, t h e  accuracy of t h i s  method is  not suf- 
f i c i e n t  t o  de t ec t  changes smaller than 55 percent. One cannot, there-  
fo re ,  de t ec t  increases  i n  a of 0.5 percent b y ' t h i s  technique. 
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Fig. 1 - W versus H for Fe+3 ions in an MgO single crystal. 
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Experimental curve 
Calculated curve with $in - 8 gauss 
Arrows dende maxima and minima for slopes. The lower set 
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--- Calculated curve using linear approximation, 6 = 6 to 18 gauss. 
of arrows is for the linear approximation while the upper set 
is for the experimental data. - 
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(c) EPR absorption curve for S-state ion. a = 220 gauss; bmin - 4 gauss. 
Fig. 2 - Experimental and theoretical curves for the EPR spectrum of Fe+3 
in polycrystalline MgO. 
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